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According to Rathbun (1925), Parthenope (Platylambrus) serrata (H. Milne 
Edwards) has a range extending from the Bermudas, and Cape Hatteras, North 
Carolina, through the Gulf of Mexico and Bahama Islands, to Bahia, Brazil. The 
known substrate on which it occurs consists of sand, broken shells, gravel, corals 
or combinations of these. Holthuis (1959) found ovigerous females in Surinam 
from May to June. Williams (1965), citing the United States National Museum 
records, said ovigerous females have been collected during June in North Carolina, 
summer in Florida, and October in Cuba. 

The studies of larval development of parthenopid crabs have been limited 
to the first zoeal stage or planktonic materials, and have dealt mostly with 
Mediterranean species. Gourret (1884) first mentioned the zoeae of Parthenope 
massena (Roux) (which he indicated with the name Lambrus massena). Cano 
(1893) described and illustrated three zoeal stages and Boraschi (1921) illustrated 
a telson of Parthenope species (as Lambrus sp.). Bourdillon-Casanova (1960) 
described and illustrated the first two zoeal stages of P. massena (as L. massena). 
Heegaard (1963) hatched and described the first zoeal stages of P. massena and 
P. angulifrons Latreille (as L. massena and L. angulifrons), presenting a color 
plate to show the chromatophore patterns. Aikawa (1937) described the first 
zoea of the Japanese species P. valida De Haan (as L. validus) reared from 
hatching. The present work is the first study of the complete larval and post- 
larval development of any species of the Parthenopidae, based on reared animals. 

Since Milne Edwards’ (1834) definition of family Oxyrhinques (=Oxy- 
rhyncha), all major workers of Oxyrhyncha (eg., Dana, 1851; Miers, 1879; 
Alcock, 1895; Rathbun, 1925; Sakai, 1938; Balss, 1957; Garth, 1958) have 
placed the Parthenopidae under Oxyrhyncha. 


MATERIALS AND METHODS 


Two ovigerous females used in the present work were collected by a Biscayne 
Bay shrimp trawler on + March, 1965. These were kept in a running sea-water 
aquarium with sand. When eye spots appeared in the eggs each ovigerous female 
was then placed into a 25-cm diameter finger bowl of clear plastic with filtered 


1 Contribution No. 1291 from the Rosenstiel School of Marine and Atmospheric Sciences, 
University of Miami. This work was supported by Public Health Service research grant 
GM-11244. 
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Biscayne Bay water. The females were fed cut shrimp and the water was 
changed daily. Hatching occurred on 13 March and + April, 1965. 

After hatching, each larva was coded with a serial number and placed singly 
in a compartment of a plastic culture box. Each hatch consisted of 90 larvae 
neane (la 258 Co aaa the frst brood and 45 larvae from the Second 
brood were reared at 20° C. Each compartment contained about 20 cc of filtered 
Biscayne Bay water. The first three zoeal stages were fed the smallest nauplii of 
just-hatched Artemia eggs, obtained by filtering through stainless steel screen 
(105 x 105 mesh, 0.0003 inch wire). The later zoeal and megalopal stages were 
fed unfiltered newly hatched Artena. Chopped fresh shrimp was fed to the early 
stage crabs. Animals were changed to compartments with clean seawater, fed 
fresh food daily and were checked for molted and dead individuals. Salinity 
range of the rearing seawater was 3+-37%o. 

Exuviae and specimens of each developmental stage were preserved in 7% 
buffered formalin. These were stained with Mallory’s acid fuchsin red or chlorazol 
black. The larval appendages for drawing were dissected in 85% lactic acid, 
while crab appendages were dissected in full strength ethylene glycol. The 
appendages aiter drawing were mounted permanently in Turtox CMCS, a stained 
water miscible mounting medium. Drawings were made with aid of a camera 
lucida. Details of the appendages were checked under high power (400 x or 
more). Four specimens of each stage were measured with a calibrated ocular 
micrometer. The carapace length of zoeae was measured in lateral profile from 
the anterior margin of the ocular peduncle to the extremity of the posterior margin 
of the carapace. Carapace length of megalopa and crab were measured dorsally 
from the tip of the rostral spine to the posterior margin of the carapace, and the 
width was measured across the widest part of the carapace. The size given for 
each stage is the arithmetic average of four specimens examined. The formulae 
for order of setation denote the number of setae from the proximal to the distal 
segment (or group) and was also based on four specimens. 

The female crabs are deposited in the museum of the Institute of Marine and 
Atmospheric Sciences of the University of Niami (UMML 32-3356 and UMML 
32-3582). 


MORPHOLOGICAL RESULTS 


The number of zoeal stages through which Parthenope serrata passes to reach 
the megalopa is five or six. Most individuals surviving to the crab stage had 
passed through six zoeal stages. The text figures provided are as accurate as 
possible, hence the text is mainly restricted to comments on features not obvious 
from the figures or to emphasize any variations that were found. 


First zoea (Fig. 1) 


Carapace: Length approximately 0.37 mm. Dorsal, rostral and lateral spines 
as illustrated. Forehead rounded, with muscle bands plus a small protuberance. 
No anterior seta, nor infero-lateral setae present. A seta on each postero-lateral 
part of dorsal spine. Eye sessile with minute ocular papillae. Abdomen: Lateral 
knobs, postero-lateral process as shown, Telson: Lunate, bearing a dorsal spine 
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Figure 1. Parthenope serrata: First zoea; A, lateral view; B, anterior view of carapace; 
C, abdomen; D, antenna li HE eantenmna 2: F, maxila 2 G, maxia P Aa maxiliped =! 
I, maxilliped 2; J, antero-ventral view of mandible; K, postero-median view of mandible. 
Bar scales represent 0.2 mm. 
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Ficure 2. Parthenope serrata: Second zoea; A, lateral view, B, anterior view of carapace: 
Geabpdomen: D, antenna 1; E, antenna 2; FE, maxilla 2-9G,emaxilla 1; H, manxilliped al; 
I, maxilliped 2. Bar scales represent 0.2 mm. 
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on each fork. Occasionally a minute setule present on lateral margin of telson 
halfway to fork, visible only under high magnification (400 xX). Alandible: Nine 
to ten teeth on antero-ventral margin, three teeth on right postero-medial margin 
(none on left). Mavilliped 1: Endopodite, five-segmented, setae arranged (2, 2, 
1, 2, 5). Color: Melanophores located on dorsal basal area of each lateral 
spine; on posterior basal part of dorsal spine; postero-ventral portion of carapace : 
on each mandible; on each side of the ventral surface of abdominal somites 1-5; 
on basal part of antenna 2. Inconspicuous melanophore located on interorbital 
area of rostrum and at middle part of basipodite of maxilliped 1. Eye a light 
yellow-green. Pereiopods: Buds present, minute. 


Second zoca (Fig. 2) 


Carapace: Length approximately 048 mm. Eyes stalked. In subsequent 
stages dorsal spine continually shortens in relation to carapace length and anterior 
base thickens. Four setae added on forehead, plus five hairs along infero-lateral 
margin. Abdomen: Lateral process of somites 3-5 more elongated. Telson: 
Inner margin less lunate than zoea 1. Dorsal spine on fork now reduced. 
Maxilla 1: A plumose seta added to (proximal to) endopodite. Basal and coxal 
endites each with increased number of setae.  Ma.villa 2: Scaphognathite setae 
increased to approximately eight; apical process now divided into three. Ma-rilli- 
peds 1 and 2: Now with six natatory setae. 


Thord zoca (fig. 3} 


Carapace: Length approximately 0.59 mm. Forehead and anterior base of 
dorsal spine nearly a straight line. Additional setae added below forehead pro- 
tuberance. Groove forming in proximal portion of rostral spine between eyes. 
Abdomen: Somite 6 now separated from telson. A pair of mid-dorsal setae on 
somite 1 (one seta in some individuals). Antenna 1: One small aesthetasc added. 
Antenna 2: Small endopodite bud appears. Maxilla 1: Basal endite now with 
nine setae. Marilla 2: Space between three processes of endopodite noticeably 
increased. Scaphognathite with approximately 10 setae in addition to apical 
processes. Ma.rillipeds 1 and 2: Eight natatory setae. Wasvilliped 1: Setae now 
arcance aes 2 Ze 


Fourth soea (Fig. 4) 


Carapace: Length approximately 0.66 mm. Lateral spines further reduced. 
Rostral spine at interorbital area well grooved. Abdomen: Somite 1 usually 
with three mid-dorsal setae.  Telson: Dorsal spine on fork now minute. Antenna 
2: Endopodite bud elongated. Marilla 2: Scaphognathite usually with 14 plumose 
setae plus three to five divided apical processes. Mavillipeds 1 and 2: Eight and 
nine natatory setae, respectively. Occasionally these numbers reversed; or rarely 
eight on both. Pereiopods: Buds elongated and easily seen. Pleopods: Bud 
primordia recognizable. 
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Ficure 3. Parthenope serrata: Third zoea; A, lateral view, B, antero-lateral view of 
carapace; C, abdomen; D, antenna 1; E, antenna 2; F, maxilla 2; G, maxilla 1; H, maxill- 
iped 1; maxilliped 2. Bar scales represent 0.2 mm. 


eo WON TACK YANG 





Ficure 4. Parthenope serrata: Fourth zoea; A, lateral view; B, antero-lateral view of 
carapace; C, abdomen; D, ‘antenna 1; È, amtenna 2; E, mastila 2 ina 
maxilliped 1; I, maxilliped 2. Bar scales represent 0.2 mm. 
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Figure 5. Parthenope serrata: Fifth zoea; A, lateral view; B, antero-lateral view of 
carapace © sapdomen. D, antenna 1; E, antenna 2; .F, maxilla 2; G, maxilla 1; H, 
maxilliped 1; I, maxilliped 2. Bar scales represent 0.2 mm. 
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Fifth soea (Fig. 5) 


Carapace: length approximately 0.79 mm. General form more depressed 
than previous stages along with more stout and shorter dorsal spine. Two 
small setae on infero-lateral margin; a few minute setae posterior to these on 
future branchiostegite membrane. Abdomen: Somite 1 with approximately four 
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Ficure 6. Parthenope serrata: Sixth zoea; A, lateral view; B, antero-lateral view of 
carapace; ©,vabdomen; D, antenna 1; E, antenna 2; F, maxila Ze Mes aae wa 
maxilliped 1; maxilliped 2. Bar scales represent 0.2 mm. 
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dorsal setae. Telson: Dorsal spine on fork now rudimentary. Antenna 1: Six 
terminal, two (rarely one) subterminal aesthetascs. Distal position anticipates 
segmentation. Inner flagellum bud appears on medial margin. Antenna 2: 
Endopodite bud now extends beyond exopodite. Marillipeds 1 and 2: Usually 
ten natatory setae each. Pereiopods: Buds enlarged, chelation beginning. Pleo- 
pods: Buds much elongated. Gills: Buds now visible. 


Sivth soea (Fig. 6) 


Carapace: Length approximately 1.01 mm. More depressed: dorsal spine 
stouter, inclined more posteriorly than previous stage. Lateral spine much shorter. 
Rostrum thickened, with median ridge on proximal portion plus two setae. 
Abdomen: With approximately five mid-dorsal setae on somite 1. Antenna 1: 
Peduncle, inner flagellum, and dorsal flagellum differentiated. Partly segmented 
peduncle with a dorsal indentation. Dorsal flagellum with three groups of aesthe- 
tascs placed (5, 5, 2). Antenna 2: Endopodite remarkably elongated plus two 
terminal setae; anticipating segmentation. Afandible: Anterior proximal portion 
with a palp bud. Marilla 1: Form remains unchanged from second zoeal stage 
but setae increase in number. Marla 2: Scaphognathite with approximately 23 
setae; with branched apical processes. Ma.villiped 1: Ten natatory setae. Basi- 
podite setae increased (2, 2, 3, 3). Ma.villiped 2: Eleven natatory setae. 
Pereiopods: Buds well developed. Chelae almost formed. Pleopods: Elongated, 
with terminal setae. Gulls: Buds continue forming in respective locations; 10 
exuviae they appear to be laminated. 


Megalopa (Figs. 7, 8) 


Carapace: Length approximately 1.47 mm; width 0.98 mm. Medial portion 
of rostrum at interorbital region slightly depressed. Gastric region moderately 
inflated and without protruding ridges as in majiid megalopae. Hepatic lobe 
a hemisphere. Cardiac spine (dorsal spine in zoeal stages) with few minute 
setae. Abdomen: Six somites plus telson; setation as shown. Antenna 1: 
Peduncle three-segmented; dorsal portion of proximal segment concave, sup- 
porting proximal portion of eye peduncle with expanded lateral margin. Segmenta- 
tion between distal and penultimate segments of outer flagellum unclear. Antenna 
2: No modifications on distal portion of basal article (such as in majiid megalopae). 
Mandible: Now with two-segmented palp. Marla 2: Apical processes of 
scaphognathite now bushy plumose setae, similar in form to marginal setae. 
A few setae on dorsal and ventral surface of scaphognathite. Endopodite with 
added lateral plumose setae. A/axiliped 1: Shape now radically changed; epi- 
podite now fringed with seven or more smooth hairs. Maxilliped 2: Epipodite 
bud with one or two terminal setae. A/ariliped 3: As illustrated. Pereiopods: 
Sparsely covered with setae. Right cheliped slightly larger than left. Dactyl of 
pereiopod 5 with long subterminal hair (—feeler) ; hair tip lhook-shaped. Pleo- 
pods: Present on somites 2-6, natatory setae arrangement on exopodite progressing 
distally as follows: 13, 14, 13, 10, 4. Numbers of natatory setae inconsistant, 
varying considerably between spectinens, and on different sides of same individual. 
Appendix interna usually with three hooks. 
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Ficure 7. Parthenope serrata: Megalopa A, lateral view; A, dorsal view; B, left cheliped ; 
C, right cheliped; D, pereiopod 2; E, pereiopod 5; F, pleopod; G, antenna 1; H, mandible ; 
I, maxilla 1. Bar scales represent 0.2 mm. 
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Ficure 8. Parthenope serrata: Megalopa; A, antenna 2; B, maxilla 2; C, maxilliped 1; 
D, maxilliped 2; E, maxilliped 3. Bar scale represents 0.2 mm. 


Gills: Development more advanced than in majiid megalopae. Maxilliped 2 
with one elongate bud of future podobranch, incipient epipodite with two minute 
distal hairs.  Maxilliped 3 with well laminated posterior arthrobranch, elongate 
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FIGURE 9. Parthenope serraia: First crab; A, lateral view of carapace; A’, dorsal view; 
B, ventral view of carapace; C, ventral view of right cheliped; D, ventral view of left 
cheliped; E, pereiopod 5; F, antenna 1; G, mandible; H, maxilla 1; I, maxilla 2. Bar 
scales represent 0.2 mim. 
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bud of anterior arthrobranch, and small bud of podobranch. Cheliped with two 
well laminated arthrobranchs. Pereiopods 2 and 3 each with a pleurobranch. 

Color: Carapace shaded pale yellow. Melanophores on carapace and append- 
ages placed as follows: stippled over dorsal surface of carapace; on proximal por- 
tion of rostrum at interorbital area; on posterior base of cardiac spine; on dorsal 
and inferior side of each branclual postero-lateral spine; on peduncle of eye; on 
first segment of peduncle of antenna 1; on coxopodite, meropodite and propodite 
of pereiopods 2-5; and on ischiopodite of maxilliped 3. Melanophores on cheliped 
as follows: two at base of hiatus, two at proximal portion of propodite, one at 
carpopodite, three small ones at meropodite; paired on ventral side of abdominal 
somites 2-6. Basipodite of pleopods on somites 2-6 and telson each with a faint 
melanophore and red chromatophore. 


Emst Crab (Figs. 9, 10) 


Carapace: Length approximately 1.70 mm; width 1.48 mm. Depth of carapace 
at cardiac region slightly greater than at gastric region. Medial portion of rostrum 
depressed into groove. Abdomen: Seven-segmented. No marked locking mecha- 
nism between it and thoracic sternum. Antenna 1: Dorsal surface of peduncle 
cup-shaped, well calcified with several hairs, acting as ventral floor of eye stalk. 
Antenna 2: Flagellum less calcified than peduncle, with seven segments. Marilla 
1: Endopodite segmentation obscure. Plumose seta from second zoeal stage still 
present on lateral margin, proximal to endopodite. Ma.rilla 2: Scaphognathite now 
with approximately 52 plumose setae. A/avilliped 1: Endopodite hatchet-shaped, 
apparently one-segmented. A/arilliped 2: Epipodite still small with two terminal 
hairs. Alavuliped 3: Ischio-basipodite cleavage slightly marked, with serrated 
ischiopodite medial margin. Pereiopods: Lateral margins of cheliped strongly 
serrated as in adult. Right cheliped, as in megalopa, much larger than left. 
Pleopods: Buds of subsequent crab stage pleopods 2-5 apparently present, but 
hard to detect. 

Gills: Appear on appendages as follows: Maxilliped 2 with elongated bud of 
epipodite bearing one or two terminal hairs, and elongated podobranch bud. Bud 
of arthrobranch not apparent in this stage but is observed in second crab stage. 
Maxilliped 3 with well laminated posterior arthrobranch, and slightly laminated 
bud of podobranch and anterior arthrobranch. Cheliped with two well laminated 
arthrobranchs. Pereiopods 2 and 3 each with a pleurobranch. 

Color: Minute melanophores quite densely spotted on carapace, and on third 
maxilliped. Chelipeds, pereiopods 2-5, and proximal portion of antennae with 
small melanophores. Paired melanophores on external side of abdominal somites 


226. 
REARING RESULTS 


Two broods from different ovigerous females collected at the same time and 
locality have been reared. Although the morphological study was based on 
material from the two broods, the present rearing results are of the brood which 
hatched on 4 April 1965. An ovigerous female (carapace length 17.2 mm; 
carapace width including lateral spines 24.5 mm) produced approximately 3900 
zoeae in one brood. 
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Figure 11 illustrates survival and mortality of the animals reared at 25° C 
including the individuals which molted into megalopa after five zoeal stages. A 
little less than one half of the initial population molted into second zoea. After 





Figure 10. Parthenope serrata: First crab; A, antenna 2; B, maxilliped 1; 
C, maxilliped 2; D, maxilliped 3. Bar scale represents 0.2 mm. 
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Ficure ll. Parthenope serrata: rearing record at 25° C. The horizontal scale represents 
days after hatching. The vertical scale represents number of animals. The lower figure 
indicates number of deaths per day. The symbols 1 to 6, M, cl and c2 represent, respectively, 
zoea 1 to zoea 6, megalopa, crab 1 and crab 2 stages. 


182 WON TACK YANG 


the second zoeal stage, the number of individuals surviving into succeeding stages 
gradually decreased. Approximately one-ninth of the initial population reached 
the megalopa stage, but mortality in the megalopa stage was high. In this rearing 
none of the megalopae which had passed through five zoeal stages molted into 
the first crab stage. Three individuals out of the initial zoeal population of 
90 reached the first crab stage in about 30 days after hatching and two individuals 
developed into the second crab stage. Among the larvae of this brood reared 
in 20° C two individuals reached the first crab stage in about 45 days; one 
individual reached the second crab stage but died immediately after molting. 
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Ficure 12. Duration of the larval and post-larval stages 
of P. serrata under two different temperatures. 


The mean duration of each stage at 20 and 25° C is shown in Figure 12. 
The data of individuals reared at 20° C are based on an initial zoeal population 
of +5 individuals. The duration of the first crab stage at 20° C rearing is based 
on a single individual. The first zoeal stage at both temperatures had a greater 
duration than the succeeding stage. The majority of individuals which had a 
very prolonged first zoeal stage failed to complete development although some 
reached the intermediate zoeal stages. The general pattern of mean duration is 
quite similar in both 20° and 25° C although mean duration of intermediate 
zoeal stages was longer at 20° C than at 25° C. A prolonged duration of the 
megalopa stage is well marked in both groups. Provenzano (1968) observed a 
similar pattern in a study of anomuran larvae, and suggested that the prolonga- 
tion of the metazoea and megalopa was probably due to reorganization of body 
structure. Robertson (1968) found a similar though less marked trend in his 
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TABLE I 


Comparison of characters of first zoeal stage of Parthenopidae of known parentage 





























Species Parthenope serrata P. valida | P. massena | P. angulifrons 
H. Milne Edwards De Haan | (Roux) | Latreille 
— m y TFT 
Reference | Present work Aikawa, 1937 | Heegaard, 1963 | Heegaard, 1963 
Dorsal spine Much longer than! Almost equal to | Much longer than! Much longer than 
carapace depth, carapace depth, carapace depth, carapace depth, 
tapers distally, tapers distally, tapers distally, stout, and blunt, 
bends pos- bends pos- bends pos- somewhat 
teriorly teriorly teriorly straight 
Rostral spine Long, pointed Long, pointed Long, pointed Long, pointed 
Lateral spine Fairly long Short (?) Fairly long Fairly long 
Postero-lateral Elongated pro- No projection, Elongated pro- No projection, 
processes on jection, pointed not pointed jection, pointed | not pointed 
somites 3-5 
Telson Lunate Lunate Lunate Shghtly lunate 
Spine on telson | 1 dorsal spine 1 dorsal only 1 dorsal spine, 1 dorsal spine, 
fork only 1 lateral seta 1 lateral seta 
Exopodite of 1-segmented, 2 l-segmented, 2 2-segmented, 2 | 1-segmented, 
antenna 2 terminal spines terminal spines terminal spines | tapers distally 
with 2 subter- 
minal spines 
Endopodite of 
maxilla 1 2-segmented, 2-segmented | 3-segmented 3-segmented 
(seta dist.) (2-4) (2-4) | (2-4) (2-4) 
(seta prox.) (1) (1) (0) (0) 
Medial margin 
of endopodite | 3 processes 2 processes (?) 3 processes 2 processes 
of maxilla 2 
(setae) (2,2,3) (2,942) (251,2) (2,4) 
Endopodite 
maxilliped 2 3-segmented 3-segmented i-segmented (?) 2-segmented (?) 
Locality Florida Urs 7. japan Mediterranean Mediterranean 

















study of phyllosomas of the lobster, Scyllarus americanus (Smith). The marked 
prolongation of the megalopa stage has been seen in the larval development of 
majid crabs which have only two zoeal stages (Yang, 1967). 


DISCUSSION 


The number of zoeal stages in development of the Parthenopidae has been in 
question for a long period. After noting that Cano described three zoeal stages, 
Lebour (1928, page 555) predicted that there probably are four or five.” Boun 
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dillon-Casanova (1960) also assumed that the Parthenopidae had more than two 
zoeal stages. 

Table I is constructed from the major anatomical distinctions and similarities 
among P. serrata and three species of parthenopid first zoeae of known parentage 
reared by Aikawa (1937) and Heegaard (1963). 

There are some apparent character differences among the four reared species 
of parthenopid zoeae. However, there are unique zoeal characters which allow 
the larvae to be identified as parthenopids. These are summarized from the 
four species plus Parthenope (P.) agona and Solenolambrus typicus, also reared 
by the author (Yang, unpublished) : 

1. The carapace has well developed dorsal, lateral and rostral spines. 

2. The outline of the telson is lunate with a “dorsally located spine” on each 
fork. A minute hair-like lateral seta is sometimes present. 

3. Lateral knobs are present on abdominal somites 2-3. 

4. The forehead protuberance is well developed as in most majid zoeae and 
the postero-dorsal knob of the carapace also appears to be present in the majority 
of parthenopids studied. 

5. The endopodite of maxilliped 2 appears to be three-segmented with a 
disto-medial seta on the two proximal segments. 

The carapace of the first zoeae is more or less spherical with long dorsal, 
rostral, and lateral spines. As zoeae molt to the subsequent stages, the distance be- 
tween the anterior part of the eye and the basal part of the dorsal spine increases. 
The length of the dorsal and lateral spines rapidly decreases in proportion to the 
carapace size as does the rostral spine, while carapace height is also reduced at 
each subsequent stage. The dorsal spine thickens basally and shifts posteriorly. 
Thus, the distance between the posterior base of the dorsal spine and the postero- 
dorsal margin of the carapace decreases. At the sixth (last) zoeal stage, the 
carapace is remarkably depressed with shorter dorsal and reduced lateral spines 
and broader rostral spines. Thus, the carapace form becomes similar to that of 
the megalopa. A Parthenope megalopa retains the lateral spines of the zoeae on 
the branchial region. The so-called dorsal spine of the zoeal stage is a cardiac 
spine. This gradual change of shape is also seen in the zoeal stages and 
megalopa of Callinectes illustrated by Costlow and Bookhout (1959), and among 
other long-zoeae-stage crabs. Further, this shifting of the zoeal form into the 
megalopa is clearly observed in Stenorhynchus seticornis (Herbst) and Rochinia 
hystrix (Stimpson), both having but two zoeal stages (Yang, 1967). 

Costlow (1965), and Rice and Provenzano (1966) reviewed the variability in 
larval stages of decapod larvae. In the present study, in one rearing of P. serrata 
at 25° C, zoeae developed into the megalopa stage. Thirteen of these molted from 
the fifth zoeae to megalopa while eleven molted from the sixth zoeae. Of the 
former, ten individuals died during or immediately after molting and three died 
later. Of those produced after 6 zoeal stages, two megalopae subsequently de- 
veloped into crabs. 

In the fourth zoeae of the five-staged sertes there are nine and ten natatory 
setae on maxillipeds 1 and 2, respectively. The fifth zoea of these series each 
have ten natatory setae on maxillipeds 1 and 2. The five-staged zoeae have a 
well-developed endopodite on antenna 2 and pleopods buds at the fifth stage, and 
the length is similar to the normal six-staged zoeae, but the development of 
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antenna l appears to be poor without an inner-flagellum bud, and with only two 
rows of aesthetascs. 

In normal six-staged zoeal development, the inconsistent number of the plumose 
natatory setae was mentioned earlier.’ This variability of number of natatory 
setae is also reported by Yatsuzuka (1957) for Portunus pelagicus (L., as Nep- 
tunus pelagicus) and five other species of crabs. 

I studied the larval and postlarval development of more than twelve species 
of Majidae from hatching, and determined that the zoeae of the Parthenopidae, 
which have Brachyrhynchan zoeal characters, are easily distinguished from the 
majid zoeae in the following respects: 

I, Six zoeal stages are observed in P. serrata, whereas in the true majid 
crabs the number of zoeal stages is apparently fixed at two, reflecting precocious 
or abbreviated development. The early zoeae of P. serrata and of the other 
Parthenopidae discussed above are alike in their anatomy, which is of a type 
characteristic for crabs with multi-zoeal development. 

2. The zoeae of the Parthenopinae have dorsal, rostral, and lateral spines on 
the carapace. In general, dorsal and rostral spines are seen in the true majid 
zoeae. In the zoeae of the Inachinae (Majidae) only a dorsal spine is present. 

3. The telson of the zoeae of the Parthenopinae is Iunate with a spine located 
dorsally on each fork. In the Majidae this spine is lateral. 

4. The exopodite of antenna 2 differs from that of general majid zoeae in 
having 2 terminal instead of 2 subterminal spines, plus a well developed endopodite 
bud in the first zoeal stage. 

5. The “anterior seta” (Bourdillon-Casanova, 1960), present in the majid 
zoeae, is wanting in the zoeae of Parthenopinae. 

Lebour (1928), discussing parthenopid zoeal characters, stated (page 555), 
“They are more like Cancridae, having all the carapace spines, antennae like 
Portunus (actually Macropipus), and only one lateral spine on the telson. If 
these larvae be correctly identified and representing the Parthenopidae, then this 
family does not agree with Majidae in any way, and is an exception among the 
Oxyrhyncha.” Aikawa (1935) merely mentioned that the zoeae of the Partheno- 
pidae are remarkably close to those of the Cancridae, and later he placed the zoeae 
of the Parthenopidae into a group of the Cancridae (Aikawa, 1937). 

Although both parthenopid and cancroid zoeae share many zoeal features, 
the cancroid zoeae of known parentage described by Lebour (1928), Aikawa 
(1957), Fagetti (1960), Mir (1961), and Pool (1966) show a remarkably 
different type of telson compared to that of the Parthenopidae. The cancroid 
zoeae possess lateral-knobs only on abdominal somite 2. 

Lebour (1944) gave a brief description and illustration of a megalopa which 
she attributed to a species of Parthenope, based on the elongated chelipeds and 
lack of “feelers” on the dactyl of pereiopod 5. She mentioned that her megalopa 
also had lateral spines on abdominal somites 3-5, and the pleopod on somite 6 
bore numerous spines. There are no such features in P. serrata. The elongated 
rostral spine and the posteriorly elongated cardiac spine of megalopa she 
examined are somewhat similar to P. serrata. 

Lebour (1928, page 490) stated, “The presence of feelers on the last joint 
of the last legs cuts off the Brachyrhyncha (with exception of Pinnotheridae) 
from the Oxyrhyncha and from Ebalia. . . .° Gam (1958) said that the number 
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of feclers in megalopa of eight species of Grapsidae ranges from three or four. 
There is only one feeler on the megalopa of P. serrata. Its tip is not serrated. 

The megalopa of P. serrata can be distinguished from majid megalopae by the 
following : 

1. In P. serrata there is a smooth feeler on the dactyl of periopod 5; none in 
majids. 

2. There are no knobs, projections or modifications on the distal portion of 
the basal article of antenna 2 in P. serrata. There are more flagellar segments 
than the four that occur in majid megalopae. 

3. The first segment of the peduncle of antenna | in P. serrata is inflated; its 
dorsal surface is flattened and concaved. This serves as a partial support of 
the eyestalk. 

4. The gills are much better developed, having the elongated bud of the 
future podobranch and a bud of the epipodite on maxilliped 2. This is char: 
acteristic of the megalopae of multizoeal crabs (Yang, 1967). 

The following characters distinguish the first crab stage of P. serrata from those 
of majid crabs: 

|. in the first crab of P. serrata, the shape of the carapace is quite similar 
to that of the adult, as in the first crabs of some majids (e.g., Stenorhynchus and 
Epialtus). However, the first crabs of other majids, c.g., Libima, Microphrys 
and Macrocoeloma are very different from the adult. 

2. The inflated and laterally expanded first segment of the peduncle of 
antenna 1 now serves as the ventral support of the eyestalk. In the early post- 
larval stages of majid crabs (Acanthonychinae, Pisinae, and Mithracinae), the 
knob on the disto-dorsal surface of the basal article of antenna 2 locks into the 
ventral socket of the rostrum. Thus, the basal article is the ventral support 
(floor) of the eyestalk in the majid crabs. 

3. The podobranch of maxilliped 2 is well developed in the first, and second 
and the parent adult crabs. As in adult Cancer (cf. Pearson, 1908), it 1s located 
along the anterior margin of the branchial series. 

The developmental pattern, as well as the character of respective zoeal stages 
of the Parthenopinae, is completely different from those of the Majidae 

The subfamily Parthenopinae in the Parthenopidae is much larger group 
(about 128 species) than the other subfamily Eumedoninae (about 25 species). 
The latter occur in the Indo-Pacific and the species are mostly commensal (Balss, 
1957). The larvae of the Eumedoninae are not yet known and may differ from 
those of the Parthenopinae. 

The Hvmenosomatidae, one of three families of Oxyrhyncha, has unique zoeal 
characters (lack of the dorsal and lateral spines, and peculiar telson) which differ 
from those of the Majidae and the Parthenopidae (Gurney, 1938). Boschi et al. 
(1969) found three zoeal stages and the carapace with only a rostral spine in 
the hymenosomatid, Halicareinus planatus (Fabricius) reared from hatching. 
Gurney (1942, page 282) suggested that the atypical zoeal characters of 
Hymenosomatidae, provide strong evidence against the inclusion of the Hymeno- 
somatidae in the Oxyrhyncha. Thus, it is now evident that in the Oxyrhyncha 
the zoeal characters of each family differ from those of the others, indicating that 
the Oxyrhyncha, like the Oxystomata, are a heterogeneous group. 
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In the adult classification, most revisers of Oxyrhyncha as mentioned in the 
previous section placed the Parthenopidae under Oxyrhyncha. Flipse (1930) 
also dealt with the Parthenopidae as Oxyrhyncha in his Siboga Expedition Report. 
However, Dana (1851, pages +26-427) considered the Parthenopidae as inter- 
mediate between the Maiinea and the cancroid crustacea because of the structure 
of the basal article of the antenna and the epistome, and Miers (1879, pages 
635-636) stated that the Parthenopidae occupy a position almost intermediate be- 
tween the rest of the Oxyrhyncha and certain Cancroidea in respect to the struc- 
ture of the antennae. Miers (1879; page 641) also assumed the nearest affinities 
of the Parthenopidae in Oxyrhyncha are in the direction of /nachus through 
Inachoides. Cano (1893, page 580) provided a scheme, based on the adult 
characters, showing that the Parthenopidae diverged from the Inachidae-Majidae 
line. 

On the other hand, quite a few workers have not placed the Parthenopidae 
under Oxyrhyncha. Most of the authors did not give reasons for their classifica- 
tions. Strahl (1862a and b) separated the Parthenopidae from Oxyrhyncha and 
grouped it with Calappidae on the formation of the basal article of the antenna. 
The structure and formation of the rostrum, cephalothorax, antennae and orbits 
caused Ortmann (1893; pages 412-413) to place the parthenopid group under 
Cyclometopa. Guinot (1966 and 1967), seeking a “parthenoxystomienne”’ line, 
suggested the parthenopid crab (Aethra) and some oxystomous crabs (Osaclila, 
Hepatus, Hepatella and Actaeomorpha) be united, because of their adult morpho- 
logical characters. 

Clearly, the systematic position of the Parthenopidae, based on adult char- 
acters, is still in question. 

The larval characters of the Parthenopinae are completely different from those 
of Majidae and Hymenosomatidae. Parthenopid larvae are different at least 
from the Majidae in the number of zoeal stages, the formation and pattern of 
antenna 2, and the gill formation. The larvae of the subfamily Eumedoninae are 
completely unkown. However, the larval characters of the Parthenopinae (Par- 
thenope) strongly suggest a relationship to the Brachyrhyncha rather than to the 
Oxyrhyncha. 


The author is grateful to Dr. Anthony J]. Provenzano, Jr. for his encourage- 
ment during the course of the present study. Mr. Henry B. Roberts of the 
United States National Museum confirmed the identification of the female. Dr. L. 
B. Holthuis and Dr. Raymond B. Manning criticized the manuscript. Mr. Robert 
Gore kindly helped in final revision of the manuscript. Mrs. C. Edith Marks 
helped with rearing of specimens. 


SUMMARY 


I. Larvae of an oxyrhynchous crab, Parthenope (Platylambrus) serrata (H. 
Milne Edwards), were successfully reared in the laboratory from hatching to the 
second crab stage on a diet of Artemia nauplii. Six zoeal stages, one megalopa 
and the first crab stage are described and illustrated. 
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2. Two series of larvae were reared at each of two temperatures, 20° and 
25° C. The salinity ranged between 34 and 37%. The mortality of the first 
zoeal stage reduced the initial population to less than half. The first crab stage 
was attained in approximately 30 days at 25° C, and in 45 days at 20° C, after 
hatching. The first zoeal stage and the megalopal stage showed more prolonged 
mean duration than intermediate stages and the pattern of mean duration was 
similar in both 20° and 25° C. 

3. The major characteristics of four species of parthenopid first zoeae of known 
parentage are tabulated for comparison. The major distinctive characters of 
Parthenope larvae are presence of rostral, dorsal and lateral spines on the cara- 
pace, lunate telson with a dorsally located spine on each fork, normally six zoeal 
stages, and a smooth “feeler” at the tip of the fifth pereiopod in the megalopa. 

4. The number of zoeal stages and the morphological characters are com- 
pared to those of oxyrhynchous crabs. The larval characters suggest that Partie- 
nopinae should be removed from the superfamily Oxyrhyncha and placed in the 
Brachyrhyncha. 
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